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SQUID  APPLICATIONS: 
Successful  in  a  “ mBrketpl3ce  . 


1 .  Brain  biomagnetometer 

2.  SQUID  susceptometer 

3.  SQUID  microscope 

4.  Scientific  applications 

5.  Rock  magnetometer 
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Technically  successful: 

1.  Geophysical  sensors  (e.g.  MT) 

2.  Radiation  receivers 
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Technically  still  very  difficult: 

1 .  Heart  biomagnetometers 

2.  Navy  submarine  or  mine  detection 

3.  Most  NDE  applications 
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USING  SQUIDS  IN  UNSHIELDED  ENV1ROMENTS: 

Uinh  Tr  SQUIDs  are  to  become  economically  viable 

-ou,  go—  h-ng)  — 

to  learn  how  to  operate  them  outside  of  B=0,  AB-O,  A  u, 
and  RFI  and  magnetically  shielded  enclosures. 


B  =  Bearth 


use  narrow  lines  and/or  holes, 
fluxdams,  heaters,  laser  zappers 


ab  ^  0 


TSG  active  cancellation,  fluxdams, 
good  quality  materials 


AT  ^  0 


fluxdams,  good  quality  materials 


RFI  *  0 


high  bandwidth  electronics 


Magnetic  noise 


magnetic  references,  gradiometers 


OR  DO  WHAT  IS  DONE  IN  LOW-TC.... 
superconducting  shields  and  wires 
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What  we  really  need  is  the  usability  and  cost  of  a  fluxgate! 


fLUYGME  -=»  ZPT IfHi 

hi&H'Tc  squid  ^o0  -fT/r^ 


@  /  Hi 

b 


9 

%  10,  000 


p£T  £C-TfiV 


L&mo 

M.i  wes 


ir 

I  CTHGR-Mi£ 


<7 

{JUeVLPL60£D 

O^DVAPCS 


WHKT  w  U"'"TS  70  v°' 

PINO  “‘■r.HPVC  ftMOt^RUlfeS 


RA  D.  »  Kft^Ttc 


PET  £  CT  t  OtJ 

\  ( 


UJttM 


T0  f rtPiCoze  • 


I'm.:),  r' 

Ki^y  Bi 


\o^o  + 

im^KS  w 


IB 


gft^Y  Tfc  HPPiWZB 

TO  INTERPRET 


W<&6  V  -e 

/v  V  B 

T01>aY  I 


IMPOSSI.Bi.^  T* 


2„vwl  4 

£es&A?oi  r 


8  w 

6*1 

><  >  7  * 

J 

j  (doVtM 

Ajh\ 

&¥■ 

4* 

d* 

dB* 

d&y 

jBz 

dy 

dy 

dy 

dB » 

<&t. 

dBi 

* 

it 

d  z 

dt 

H&fct'  rt 
Kf=A.£</££ 

; 

t 

v  fft«y  tr 
i  /A-Tfspp.pr 


U 


ua/s.f  pocuez 


IAOTlC>^  X^DUCBO  h/OlSF 


FRtQ^&^c'f 


why  T«6  t/jc(>e*s>e  <"  */6,s£ 

bSH&V  ^  Me71***  • 

( 

■$((>  pjlO&LBtA  FA C(fJ<° 
THe 


LOU)  Y  s£r  L'fc) 

/A/  A  n(\(?P£TU  P/6^P- 


zee. o  Piet-P' 

C  Q6U50 

IU  lfw> 

eieoo 


/Vo  71.  R  pp£p 
PLOY  ^ 

A'-*  Fvrtlft 
l/p  MOHS' 


PIGLO-COOCSO 

/A/ 

p-ieoo 


T(tfV?PPt>  PL-UA 


\JhSlF-OLMUY  TZb? 
FLUX  ^ 

A-  LITTLG  BXTl 

H?  vonS^ 

[20-  160  °l°  ) 


LM<°€ 

(  ^06  m 

ZEUO 

coooap 


r«h?^eo  ELoy. 

Cl^CUCPcTi^^ 

jizfrp'?  i  AJ  L  #AR.£ 
^  FLOX 
(  fU .  =5> 


//y  ft  Pl£ZO 


Field  Noise  (fT/Hz 


RH.Koch  06/18/97  20:15:30 
..  "1 


ps'(7.1  10  Mar  1995):  -cent; 


;er  -replace  -color  -for  R  H.Koch  fmfZugh 


CDUDVCTVS 


jMA  G>  fo LU £7 ° 


104  (a)  BCOol  54  0>  Condi 

WV  Bcool  =  0.07  to  28.3  M-T 


Ccw . 


w 

SlcFF 

pl£U>-' 


105  -(b)  Bcool  -  °»  Condi 
..irW...  B  =  4.05  (J.T 


£  104 


S  10' 

o 


npi  "  r—  i  r  1 

.0.87  )iT 


C/^/.r> 


kHF:*' 

C.oiO 


B  =  0  nT 


10°  101  10‘ 
Frequency  (Hz) 


Iff, 


$OURC£  OP 


yoti£  ojiTna^r  Pto  toA* 


He. 


fto* 

HP.ZP 


d~  film 

IhHOOJBC 


(Pp 


0. 


^  48ftrp  /  Fi  Po 


IT=  (Tc^  2? 


Cl^CXL-dTU^O. 

~\  UUBPr  PR'* 

J  hA 

_  /  nVH 

t  /i4\  l  &}:cv 

itlj  J  f 


It  ~  J  H 


?6>. '.<-•*  a 


g>  -x  l  /*X 
->T 


•F.O. 


4  X- 


AVJ&iOS  7Hli 


HOU)  TO  AVOID  PEKSIST6WT 

'l'T 


Clt^C 


fLO^  D&N* 

^l/MCTioK/ 


Cl*c. 


TIK^ 

lo*  dec** 

in  **< 


~UH£ 


\<: —  1  r*** 


FLAK  DfcM 
31/mctio^- 

^IOXTtAL, 

ST£C>  tf,?- 

C0*MT(?.!<W  V 

.  s  SQvid* 


j  ^  /  cp* )  Mk&VZT0  1  ^ 


=  0,  IBM2 
B  =  33.7  |iT 


/\/OlS>£  PZbrt  CuZZ£t/rs 
PZOL'VD  THS  P(CC0P  LOOP  films.: 

f  p. 

T  4  T 


SOLVTiOluS  TO  A /CUP- 


^>p  Srt 


ML  L-p  18/4  ^ 


PObR 

Resw^tf 


2)  APP  A  secovp 


Lb&P- 


i 

1 


t 


flux  dams 


i 

I 


IA 


DUAL 
FLUX  DA  MS 


/l/lt>itC&  IPp  SWDt'L  SO 


T*  «  X 

-PO-orv  -1- 

Ptet-e 


¥ 

T 


TM  AT: 


TWO  FLUXDFvtt  SQO  to  UBTOMereO. 


Ff\gRlC(\T6D  6>H  M ({cUes&M&o/zs  [  SfltJ 

pc.R  I SM 

PA  (J  t-ATH&OP  (ftf'O 


po  UK 


PLOXPiVM 


S&U(D  M M&eTWSTe*^ 


100  y* 

LU/eWiOTH1 


M<*  KteiaWh 

i/n  (rds*  0v,*e/  * 
h  iA*ef 


QuP«fc  PL-U^ 


u,c*reo  ^  ***"*“"*•“ 

rt*.  XBn 

...  LATHaoP  (*•*' 


Field  Noise  (fT/Hz1/2)  Field  Noise  (fT/Hz 


MSI 830. ugh  -fill  0.9  03/14/98  12:40:1 


ONB  Pickup 

Loop^  ~in ,T  /$_ 


Field  Noise  (T/Hz 


Frequency  (Hz) 

Opg^.fvrtVt’  UMtWo^I  (31  h$  REUE?.SI^^ 


Bio  £ T  I  sn 


TU£  pv^  &  WW 


DIGITAL  VOLTMETERS 


SOHZ 

LOWPASS  FILTERS 


i 


squid  5 
control 


squid  4]  squid  3  squid  2  squid  1 
control  control  control  control 


x  y  z 

fluxgate 

control 


0.10  m 
baseline 


DEWAR 


ACTIVE 

COMPENSATION 


User  WOELT1  Host:  WOELT1  Job:  <untitled>  Date: 


:  8/24/1996  Time:  13:39  Queue:  W12000BC  Printer.  W12000B4 


Rook  a/o  i  S'  E 


Q,VL*X>\t>r&e*'  /\_  t\ 


.  WgT?*  A0/J1 

S  K  .  4 


W£iEU>et> 


S&UtO  A/O/C^  V 

C Cauw  crul)  W  SHI&CM 


IJ 


Frequency 


ECONOMIC  ISSUES  IN  SQUIDERY: 


Making  Gust)  SQUIDs  is  a  money  losing  operation  today. 

.  Compare:  Conductus  (SQUIDs)  with  Billingsley  Magnetics 
.  SQUIDs  are  very  high  tech  and  hard  to  make 

*  MostSQUIDmaricets  are  too  small  to  support  the  research 

*  mSSSSSn^  the  SQUID  part  of  the  solution.  (-> 

qovemment  money) 

.  Need  cheaper  SQUID  technology 


Making  systems  that  use  SQUIDs  can  make  money. 

.  Look  at  Quantum  Design,  biomag  companies,  and  IBM 
.  The  SQUID  is  a  key  part  but  a  minor  cost  item  in  most 

.  c2t  toenter  a  new  market  is  far  more  than  that  of  the  SQUID 

.  Risk  ifvery  high  since  products  are  new  and  different. 

•.  ?here  areV a  few  cases  of  market  pull,  usually  its 

technology  push. 

SQUIDs  (and  superconductivity)  have  far  more  intellectual  (and 
snob)  appeal  than  other  types  of  magnetic  sensors,  i.e. 
Fluxgates. 


WHAT  COULD  CHANGE  ALL  THIS  DOOM  AND  GLOOM? 


/omall  scale)  High-Tc  needs  to  become  a  part  of 
Lome  maior  research  and/or  comnrrercializatron  area 

(as  defined  by  Dow  Jones). 

Electronics,  computers,  communications,  and  information 


Aerospace  and  transportation 

Biophysics,  biochemistry,  medical,  and  drug-related 


Energy  exploration,  production,  and  distnbution 
Food 

Entertainment 


Investment,  etc. 


Defense 


How  to  find  a  part  in  the  mainstream? 

1 .  Invent  a  room  temperature  superconductor. 


2.  Pretend  we  did: 

'ha*can cool  a high-Tc chip 

to  77K, 
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Fig.  1.  Schematic  view  of  the  measuring  tad  of  the 

irro  SOU1D  microscope  showing  a 

HTS  b^uiu  .,/three  SOU1D  sensors  with 

crvostat  containing  the  thre  v  . 

forming  a  second  order  gradiomete  . 
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